Introduction
Cancer is a disease that can occur anywhere in the body, which starts when the cells grow uncontrollably exceeding the size of the normal cells, which hinders proper functioning of the body. The normal cells divide in an orderly manner, they die when are damaged and replaced by new cells. On the other hand, the cancerous cells grow out of control causing the normal cells to move, what causes problems in the affected area. These cancerous cells form masses that are called tumors, but not all of them are malignant [8] .
Since cancer can occur anywhere in the body, there are different types of cancer as: Colon or rectum cancer, neck uterine, endometrium, stomach, esophagus, bone, liver, larynx and hypopharynx, leukemia, lymphoma, multiple myeloma, eye, oropharynx and oral cavity, ovary, penis, skin, prostate, lung, pancreas, kidney, breast, testicle, thyroid, vagina, bladder, biliary vesicle and vulva [7] . These are caused by several factors: Genetics, lifestyles such as smoking, poor nutrition and lack of exercise, infections and aspects related to the environment such as radiation and exposure to chemical substances.
There are several treatments for cancer such as: Surgery, chemotherapy and radiotherapy, to mention the most common. Surgery is used in order to remove or to extirpate the tumor or a part of it. This type of treatment is not feasible in all cases, one of these is leukemia (blood cancer), which is due perform another type of treatment. On the contrary, chemotherapy is the use of medicines that help decrease the growth and proliferation of cancer cells or in the best case kill them. This kind of treatment is useful for cancer that spreads and radiotherapy use ionizing radiation, generally as part of cancer treatment to control o kill malignant cells. It works in a similar way to chemotherapy (reduces or kills the cancerous cells) [8] .
For this reason different authors have focused their attention on the study of this disease. Among them are: The National Institute of Cancerology (Health Ministry and Social Protection), with his work entitled "Incidence, mortality and prevalence of Cancer in Colombia 2007-2011", which presents the modeling and validation results for estimating incident cases, mortality and prevalence of cancer, where they obtained the estimated 41,366 cases prevalent at one year in Colombia; 18,458 in men and 22,908 in women. Among men, the most prevalent locations were prostate, stomach, colon-rectum and anus. In women, the more locations prevalent were breast, uterus neck and thyroid [4] . Marion Piñeros and Raúl Hernando Murillo, with his study: "Incidence of cancer in Colombia: Importance of the information sources in the collection of estimative figures", in which they estimated the cancer incidence in Colombia and compared the figures obtained by varying the information sources for the adjustment by sub-registration of mortality and the basic information for the model, where they obtained that the adjustment of mortality data and the cancer registers that are used in the estimation process influenced significantly and highlight the importance of considering regional differences [5] . Jair Zapata Peña and Alba Cristina Ortiz, with their research: "Use of mathematical models for the description of the growth of cancerous tumors", in which they shown several models that use ordinary differential equations, partial differ-ential equations, discrete-stochastic models, statistical and numeric analytical models to describe the growth of cancerous tumors, where are shown graphic results of simulations for cancer and dead cell populations [6] . The writing is divided into three sections: The first of them is an introduction about cancer, its treatment and an antecedent on the modeling of the disease. The second section consist of the description of the mathematical model and a reformulation of it. Finally, in the third section correspond to the mathematical model simulation and the conclusions.
Mathematical Model
It is considered a model based on nonlinear differential equations, which interprets the cancer dynamics in a human host and its reaction in the immune system with chemotherapy. The proposed model considers the following state variables: T (t) : Average number of tumor cells, I(t) : Average number of cells of the immune system and Q(t) : Level of chemotherapy in the immune system, at a time t, respectively.
The parameters of the model are: r : Growth rate of the tumor cells; ρ : Immunological response rate due to the presence of the tumor; γ : Antigenicity rate (substance that causes the immunological system produces antibodies against itself); k : Load capacity of the tumor cells; α i , where 1 ≤ i ≤ 2, i ∈ Z: Elimination rate of the tumor cells by the immunological system interaction; : Mortality rate of the immune cells; a, b: Velocity reaction of each population cell to the drug used in the chemotherapy; µ : Mortality rate of tumor cells due to chemotherapy; s : Increase of external immunological cells to the system; λ : Decay rate of the chemotherapy and δ : Elimination rate of cells from immune system by the chemotherapy. The dynamic system that describes the dynamics is:
where, r, a, b, k, s > 0, 0 < ρ, γ, α 1 , α 2 , , µ, λ, δ < 0 and with initial conditions
The flow chart is shown in the following figure: 
Dynamic system reduction
The system described in (1), (2) and (3) can be reduced because it is a system uncoupled one way. Equation (3) is a linear differential equation and its solution is given by:
, that is, Q = 
The region of epidemiological significance for the system (4)- (5) is given by:
Mathematical Model Analysis
Starting with the calculation of the infection and prevalence-free equilibrium points, which are determined by equating to zero the equations (4) and (5), obtaining the following algebraic system:
To solve this system, we factorize (6), having:
Having T = 0 is substituted in (7), then we obtain:
The point E 0 is called the infection-free point since in this case does not find tumor cells. That is, T = 0 therefore, there is a presence of cancerous cells.
Now with
and substituting in (7), is obtained:
where,
To show that equation (8) with the parameter values presented in table 1 has real roots, we applied the formula of the cubic equation of Cardano [10] . First the equation (8) is rewritten:
where:
. Cardano says that for a cubic equation as shown previously, the roots are all real if it satisfies the following inequality:
For this case Z = −1.348129659(10) 20 and R = 1.565293667 (10) 30 , for which Z 3 + R 2 = −1.8808(10) 55 < 0, what allows conclude the equation (8)presents all its real roots. In addition to analyzing the sign of the roots, is used of Descartes rule, which establishes that the possible number of positive roots of a polynomial is equal to the number of changes of signs in the term coefficients or less than the changes of signs by a multiple of 2 [11] . In the case of the polynomial T 3 + a 2 T 2 + a 1 T + a 0 = 0 there are three changes of signs, what determines that the possible number of positive roots of the polynomial are 3 or 1.
Finally point E 1 is given by:
where, T * is a positive real root of the equation (8) and
In the linearization process of the system (4) - (5) the Jacobian matrix was calculated for a generic point E of the system.
From the Jacobian matrix evaluated at point E 0 , we have:
The matrix J(E 0 ) is a lower triangular matrix, due to this the eigenvalues of J(E 0 ) are:
We have so that λ 2 < 0, now if we consider λ 1 < 0, we obtain
Therefore, it is concluded: E 0 is local and asymptotically stable if and only if
In the analysis of the equilibrium point E 1 the parameter values shown in table 1 are substituted with q = 10, s = 10 8 , ρ = 0.235, obtaining:
Now the Jacobian matrix evaluated at point E 1 is: 
Simulations and conclusions
The simulations of the system (4) - (5) are carried out in the MATLAB software using the routine ode45. In these simulations the following conditions: Figure 2 illustrates the dynamics of the model influenced by chemotherapy, in which similar behavior to figure 3, is observed, but the action of the immune system and the treatment by chemotherapy is much more efficient, due to a more intense treatment, which allow tumor cells stabilize them at zero. When treatment as chemotherapy is considered, it presents a positive effect in relation to the reduction of tumor cells, since it performs adequately work to reduce or eliminate these cancerous cells. In the same way when the immunological response rate due to the presence of tumor is ρ = 0.235 an efficient response of the immune system, is observed.
